A b s t r a c t Tetragonula a genus in the Meliponini tribe (Apidae), is difficult to identify due to the many cryptic species. As technology develops, molecular taxonomic studies are used to help identify species with limited morphological characteristics. This study presents an analysis of the phylogenetic relationship between several species in the Tetragonula genus based on the sequences of the cytochrome b gene. Maximum parsimony, neighbor joining, maximum likelihood and minimum evolution methods were used to construct phylogenetic trees. The sequence divergence between T. minangkabau collected from Limau Manis and Ulu Gadut is 0.8%, while between T. minangkabau with T. minangkabau forma darek 5.5%. The low sequence divergence indicated that T. minangkabau and T. minangkabau forma darek have a close phylogenetic relationship. The analysis showed that Tetragonula (T. minangkabau, T. minangkabau forma darek, T. laeviceps, T. drescheri and T. fuscobalteata) is monophyletic. A sequence divergence of 5.5% supports the separation of Tetragonula minangkabau and T. minangkabau forma darek.
INTRODUCTION
Stingless bees are included in the family Apidae, Meliponini tribe and represent a group of cosmopolitan bees that can be found in the tropics (O'Toole & Raw, 1991) . From the taxonomic aspect, various publications reported the differences in the number of species in Meliponini tribe. This is due to the large number of taxonomic revisions and cryptic species. There are over 374 species of stingless bees which are divided into twenty-six genera (Michener, 2007) . Another source states that members of the Meliponini tribe are more than thirtythree genera and 397 species (Moure, Urban, & Melo, 2007) . Cortopassi-Laurino et al. (2006) state that more than 600 stingless bee species belonging to fifty-six genera have been found worldwide. Among them, 400 species are found in the Neotropic region and at least forty-five species are found in Southeast Asia. In Indonesia and especially Sumatra, there has been research on the etho-ecological aspects of stingless bee since 1980. Sakagami and Inoue (1985) revealed one species in Sumatra belonging to the Tetragonula laeviceps group with a smaller size and paler body parts compared to the typical T. laeviceps. Due to these morphological differences, this species was named Tetragonula minangkabau (Sakagami & Inoue, 1985) , named after Minangkabau, which is the name of the ethnic community that inhabits the West Sumatra region. In the same year, Sakagami and Inoue also found two groups in the collected T. minangkabau specimens that differed in head width and hind tibia length. The data obtained showed that the size of specimens from Lubuk Minturun and other locations in West Sumatra (generally from the highlands) differed significantly. Specimens found in the highlands were larger and possessed bigger hind legs and paler colored metasomas. This group of specimens was named Tetragonula minangkabau forma darek. According to Braby, Eastwood & Murray (2012) forma is one of intraspesific unit (beside varieties and races) which is not formally recognized under ICZN (International Code of Zoological Nomenclature). The name Phylogenetic analysis of Tetragonula minangkabau "darek" was proposed for the larger form as it means "highlands", used especially in reference to the Bukittinggi area (Sakagami & Inoue, 1985; Sakagami, Inoue, & Salmah, 1990) . Nevertheless, the taxonomic position of this form is still unclear. Molecular markers have been used in many studies related to the stingless bee, including population, taxonomy and phylogenetic inference. The use of molecular markers to determine the status of a taxa has been carried out in Liotrigona spp. using the COI gene (Koch, 2010) and nine Amazonian stingless bees using 16S rRNA and COI with the PCR-SSCP technique (Souza & Carvalho-Zilse, 2014) . Thummajitsakul et al. (2014) have studied the population structure of Tetragonula pagdeni in Thailand using the cytochrome b gene and ATPase6-tRNA ASP . Rasmussen and Cameron (2007) used mitochondrial genes (16S rRNA) and core genes (nuclear long-wavelength rhodopsin copy I, elongation factor-1α copy F2 and arginine kinase) to prove the non-monophyletic nature of the genus Trigona sensu lato. Ramirez et al. (2010) have conducted phylogenetic relationship studies of the stingless bee for the genus Melipona using different fragments including mitochondrial CO1, ribosomal 16S, nuclear EF1-a, ArgK and Pol-II. Among examples of molecular studies on bees other than the Meliponini, Koulianos and Schmid-Hempel (2000) conducted a study that used the cytochrome b and COI genes to determine the phylogenetic relationship of nineteen species in the Bombus (bumble bee) genus. From the differences in body length and coloration, we hypothesised that T. minangkabau forma darek can be classified as a different species from T. minangkabau. The purpose of this study was to analyze the phylogenetic relationship among Tetragonula minangkabau, T. minangkabau forma darek and several species in the Tetragonula genus.
METHODS
Stingless bee samples were collected directly with the use of insect nets and tweezers at the nest entrance. Ten individuals from each colony were collected and preserved in alcohol. Such specific characteristics from samples obtained as body coloration, shape and color of the nest entrance were noted and photographed as supporting data for identification. In sample collection and identification we followed Sakagami, Inoue and Salmah's methodology (1990). The locations of the Tetragonula sample collection is shown in Tab. 1. All the samples obtained were used for the identification process but only one individual from each colony was analyzed molecularly. DNA isolation was performed according to the INVITRO GEN PureLink TM Genomic DNA Mini Kit protocol. Isolated DNA was visualized through the electrophoresis process on 1.2% agarose gel. Electrophoresis was performed at a voltage of 100 mV for thirty-five minutes. The gel was then placed on top of the UV illuminator (GelDoc) and the visualization results were documented. DNA amplification was performed using the SensoQuest PCR machine. The PCR solution contained 1x reaction buffer (GoTaq® Green Master Mix, Promega), 0.8 μM forward primer, 0.8 μM reverse primer, < 250 ng DNA template and nuclease freewater (DD H2O), which were added to the total volume of 25 μl inside the PCR tube. The process of cytochrome gene amplification resulted in 600 bp fragment using cytb-F and cytb-R primers: TTCACTATATTATAAAA-GATGTAAGTTC and: GGCAAAAAGAAAATAT-CATTCAGG, respectively (Thummajitsakul et al., 2014) . The PCR thermal profile consisted of initial denaturation at 95°C for three minutes, followed by five cycles at 94°C for 30 seconds, 42°C for 30 seconds and 72°C for 50 seconds. Thirty-five cycles were then performed at 94°C for thirty seconds, 58°C for thirty seconds and 72°C for fifty seconds. Post-elongation was done at 72°C for seven minutes.
The amplified DNA was visualized through the electrophoresis process using 2% agarose gel. The Thermo Scientific GeneRuler 100 bp DNA Ladder was used for sizing the DNA. Electrophoresis was performed at a voltage of 100 mV for 35 min. The gel was then placed on top of the UV illuminator (GelDoc) and the visualization results were documented. The DNA amplification results were sent to the sequence service companies (Lab MacroGen USA DNA Sequencing) in South Korea. Forward and reverse DNA sequences were assembled to obtain DNA sequences with the use of the STAR DNA program (Seqman). The analysis then proceeds with the comparison of the sequences obtained with sequences of genes listed in the public database using the BLAST (Basic Local Alignment Search Tool) program which is done online via the NCBI's National Center of Biotechnology Information website: http://www.ncbi.nlm.nih.gov/BLAST. Sequences of cytochrome b genes were aligned with data from GenBank (Tab. 2) with the use of the ClustalX program version 2. 1 (Larkin et al., 2007) . The alignment results were edited manually using the BioEdit program (Hall, 1999) . Furthermore, the sequences were converted into the FASTA format (.fas) for the analysis of the nucleotide variation. Phylogenetic analysis based on DNA sequences of the partial cytochrome b gene was performed using the MEGA6 program (Tamura et al., 2013) . Phylogenetic trees were constructed separately for cytochrome b genes using the Neighbour Joining (NJ) analysis. Phylogenetic tree construction was also done for Maximum Likelihood (ML), Minimum Evolution (ME) and Maximum Parsimony (MP) methods with bootstrap 1000 replications. The value of the divergence sequence was obtained using the Kimura 2-Parameter model. The ingroup used in this research can be seen in Tab. 2. The outgroup used in this research were Apis cerana (EF467437) and Bombus hyperboreus (AF066968).
RESULTS
The GenBank accession numbers for these sequences are as follows: T. fuscobalteata -MH449661, MH449662; T. drescheri -MH449658; T. minangkabau -MH449659, Fig. 1 formed two main clusters. Cluster 1 consisted of three subclusters, namely the T. minangkabau -T. aeviceps -T. drescheri group -T. clypearis group and T. fuscobalteata group. The first species group of the first subcluster had sequence divergence values ranging from 0.6% to 25.5% with bootstrap values of 97/99/98/97 (ML/NJ/ME/MP). The first subcluster's second group consisted of T. laeviceps, T. drescheri and T. minangkabau with bootstrap values as 100/100/100/100 (ML/NJ/ME/MP). The three species in this cluster were collected in the same location, the stingless bee repository at the Malaysia Genom Institute (MGI). The second subcluster contained only one species, Trigona clypearis. The sequence divergence between this species and members of the first subcluster ranged from 25. 1% to 30%. Between the second and third subcluster, the sequence divergence ranged from 24.9% to 26. 1%. The high sequence divergence between the first, second and third subclusters supports the separation of these three subclusters.
The third subcluster was a sister clade of the first and second subclusters and consisted of T. fuscobalteata collected from Limau Manis and Sijunjung. The sequence divergence between T. fuscobalteata collected in Sijunjung and Limau Manis and the first subcluster species ranged from 31.7-35.9% and 30.8-33% respectively. These values supported the separation of T. fuscobalteata from the previous two subclusters and their placement in the third subcluster. Cluster 2 (or the fourth subcluster) consisted of three species from Thailand, which were T.collina, T. pagdeni and T. laviceps, and their sequence data was obtained from GenBank. The bootstrap value in this cluster was quite low, at 33/43/43/41 (ML/NJ/ME/MP). The sequence divergence between T. collina and T. laeviceps was 26. 1% and between T. collina and T. pagdeni was 25. 1%. The lower sequence divergence value 9.4% was obtained between Tetragonula pagdeni and T. laeviceps.
DISCUSSION
The conclusion from the phylogenetic analysis was that T. minangkabau and T. minangkabau forma darek can be classified as the same species, but differ at the 'forma' level. This condition was proved from low sequence divergence between the two samples, which shows the close phylogenetic relationship. In the first subcluster's first group, T. minangkabau forma darek was separated from the T. minangkabau cluster of Limau Manis and Ulu Gadut. This separation ocurred due to the variation in the genes within the species, which is known as forma. Morphologically, the differences between these two groups can be observed by the body length and coloration of T. minangkabau and T. minangkabau forma darek. The sequence divergence between T. minangkabau collected from Limau Manis and Ulu Gadut was 0.8%, while between T. minangkabau with T. minangkabau forma darek 5.5%. The low sequence divergence indicated that T. minangkabau and T. minangkabau forma darek are the same species. This result is in line with Kartavtsev & Lee (2006) and Kartavtsev (2011) who reported that the divergence between taxa of such rank as subspecies, sibling species and semi-species were 5.52 ± 1.34 and 5. 10 ± 0.91, respectively. In these studies these literatures, T. minangkabau forma darek is referred as a subspecies, but in the current one we prefer to call them 'forma' (forms) since the information about this group is still limited. So far we only know the morphology and molecular aspects (obtained from this study) and have not obtained data about population genetics, behavior or ecology. Braby, Eastwood, & Murray (2012) defined subspecies to be restricted to an extant animal group that comprises evolving populations representing partially isolated lineages of species that are allopatric, phenotypically distinct, have at least one fixed diagnosable character state, and these character differences are assumed to be correlated with evolutionary process according to genetic structure of population. A sequence divergence between species within a genus is stated by Kartavtsev & Lee (2006) and Kartavtsev (2011) for 10.69 ± 1.34 and 10.31 ± 0.93, respectively. A higher sequence divergence according to Ming et al. (2015) is when different species in the same genus are indicated by a sequence divergence over 25.3%. Other research by Franck et al. (2004) found that the sequence divergence of four Trigona species (Trigona (Tetragonula) carbonaria, T. hockingsi, T. davenporti and T. (Tetragonilla) collina) ranged from 18 to 24%. The similarity of all this research is the cytochrome b that used to measuring the divergence value. But the divergence value obtained by Kartavtsev & Lee (2006) and Kartavtsev (2011) is generalized from more than 20,000 vertebrate and invertebrate species, where there was no mentions of cytochrome b use in invertebrate taxon. As for Ming et al. (2015) , the value obtained was only for Tribolium and Franck et al. (2004) research was focused on Trigona.
Members of the first subcluster's second group had a low sequence divergence. The sequence divergence between T. minangkabau and T. drescheri was 0.6%, and the sequence divergences between T. drescheri -T. laeviceps and T. minangkabau -T. laeviceps were 1.4% and 2.0%, respectively. All three species in this group were collected in the same location where all of the stingless bee colonies were put in a box labeled by species name. After the identification process based on the morphological character, it was discovered that T. minangkabau and T. laeviceps individuals collected in this location were bigger than those in the other location (body length 3.9 -5 mm). Sakagami & Inoue (1985) stated that the T. drescheri body length ranged between 4.8 and 4.9 mm, but a large variety of sizes can be found in individuals from different locations. Based on this information, these samples were allegedly as putative T. drescheri. The sequence divergence between T. minangkabau collected from Malaysia T. minangkabau from Limau Manis, Ulu Gadut and T. minangkabau forma darek were 24.4%, 23.8% and Phylogenetic analysis of Tetragonula minangkabau 23.8%, respectively. Samples of T. laeviceps collected from Malaysia and the T. minangkabau group had sequence divergence ranging from 23.8% to 24.4%. A high sequence divergence among members in the first and second groups also support the hypothesis that they are of different species. Furthermore, T. laeviceps was also found in two different clusters (Clusters 1 and 2) with a sequence divergence of 35.3%. In the third subcluster, two populations of T. fuscobalteata from Sijunjung and Limau Manis showed genetic variation of 13.2% of sequence divergence and bootstrap value of 99/99/98/99 (ML/NJ/ME/MP). Although molecularly T. fuscobalteata from the two populations has a high sequence divergence, morphologically there were no significant differences. According to Schönrogge et al. (2002) and Barley et al. (2013) in the process of evolution, genetic differentiation can occur even without any changes in morphological characteristics. Selective pressures on important adaptive characteristics can lead to conservation of certain external morphological characteristics. The results of this study support the use of the name Tetragonula for Trigona in the tropics region. Rasmussen & Cameron (2007) stated that Trigona only be used for the Neotropic taxa. From this research, it can be concluded that the phylogenetic relationship of Tetragonula (T. minangkabau, T. minangkabau forma darek, T. laeviceps, T. drescheri and T. fuscobalteata) is monophyletic. The sequence divergence of 5.5% supports the separation of Tetragonula minangkabau and T. minangkabau forma darek but proves that it is still the same species. To ensure the taxonomic rank of T. minangkabau forma darek, further research on morphological analysis (especially regarding the shape of male genitalia), nest architecture, behavior and population genetic are needed.
